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SUMMARY

EPA Method 17 consists of procedures for the determinaticn
of particulate emissions from stationary sources where particu-
late matter concentrations, over the normal range of temperature
associated with a source category, are known to be independent
of temperature.

This method, designed to be used in conjunction with EPA
Methods 1, 2, 3, and 4, describes an in-stack sampling system
aloﬁg with proper saxhpling and analytical procedures.

A gas sample is extracted isokinetically from the source.
Particulate matter is collected on a glass fiber filter main-

tained at stack temperature. The mass of particulate matter is

determined gravimetrically after removal of uncombined water.

Particulate matter is not an absolute quantity; rather, it
is a function of temperature and pressure. Therefore, to pre=-
vent variability in particulate matter emission regqulations
and/or associated test methods, the temperature and pressure at
which particulate: matter is to be measured must be carefully
defined. Of the two variables (i.e., temperature and pressure),
temperature has the greater effect upon the amount of particu-
late matter in an effluent gas stream; in most stationary source
categories, the effect of pressure appears to be negligible.

In Method S5 a temperature of 250° F is established as a
nominal reference temperature. Thus, where Method 5 is speci-
fied in an applicable subpart of the standards, particulate
matter is defined with respect to temperature. In order to
maintaih a collection temperature of 250° F, Method 5 employs a
heated glass sample probe and a heated filter holder. This
egquipment is somewhat cumbersome and requires care in its opera-
tion. Therefore, where particulate matter concentrations (over
the normal range of temperature associated with a specified
source category) are known to be independent of temperature, it

CvidT
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is desirable to eliminate the glass probe and heating systems,
and sample at stack temperature.

This method describes an in-stack sampling system and
sampling procedures for use in such cases. It is intended to be
used only when specified by an applicable subpart of the stan-
dards, and only within the applicable temperature 1limits (if
specified), or when otherwise approved by :the administrator.

- This method is not applicable to stacks that contain liquid
droplets or are saturated with water vapor. In addition, this
method shall not be used as written if the projected cross-sec-
tional area of the probe extension filter holder assembly covers
more than 5) of the stack cross-sectional area.

The Method Description which follows is based on the Refer-
ence Method that was promulgated on February 23, 1978.1

Note: Due to similarities between Method 5 and Method 17 sam-
pling and analytical equipment and procedures, only the differ-
ences pertaining to Method 17 will be presented. However, the
activity matrices are all included whether or not differences
occur in the written descriptions. All other Method 17 descrip-
tions will be referenced to the corresponding description in
Section 3.4, Method 5. This is done for both time savings to
the reader and cost savings to the Government.
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METHOD HIGHLIGHTS

Specifications for Method 17 and Method 5 are very similar
with respect to calibration, sampling and analytical procedures.
The two most significant items of concern with Method 17 are the

filter holder design and the determination of method epplicabil-“=

ity. The main reason for the problems with the filter holders

is that there are no design specifications stated for this ref-

erence method. As a result, several different commercial types
of filter holders exist on the market to date. Most of these
have some of the problems listed below and should be checked:

1. Filter holders do not remain leakless over the normal'
range of temperature changes

2. Filters do not seal properly with the fJ.lter holder
and allow particulate to circumvent the filter.

3. Filter holders tear the filter during assembly prior
to testing. *

4. Particle penetration is suspected with some types of
filter holders due to a very high face velocity at the filter.

5. Filter cannot be easily removed from filter holder
during sample recovery. '

6. Filter holder gasket material is unable to withstand
upper temperature limits of normal testing range.

7. Filter holder design makes assembly and disassembly
difficult.

8. Excess weight of filter holder causes probe sag in

the stack.
9. Large diameter of some filter holders prevents their
use in a 3 in. diameter port.
10. Some filter holders:- have a poor design for sample
recovery.
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Procedures for checking some of the problems have been pro-
vided in the method writeup. The remaining problems can only be
detected by using the filter holders in the field.

The second most significant concern is determining when
Method 17 is applicable. Since the in-stack filtration method
was one of the first particulate methods used and is generally
easier to use, it has remained popular. Method 17 is currently
being substituted for Method 5 under certain conditions for
compliance determination with State and local air pollution
regulations. The New Source Performance Standards (NSPS) de-
fines when Method 17 can be used. However, a large number of
requests are being made to substitute Method 17 for Method 5 on
NSPS performance tests.

Depending on stack condition and pollutant composition,
Method 17 results can easily vary from as little as 10 percent
to as much as 200 percent in comparison to Method 5. Method 17
and Method 5 are not equivalent methods for many source catego-
ries, because the temperature at which the particulate is col-
lected can have a significant effect on the amount of particu-
late matter collected. Method 17 and Method 5 are equivalent
generally only when the particulate matter is independent of
temperature through the range of emission testing. As a rule of
thumb, the filter that is at a lower temperature (in-stack or
out-of-stack) will give equal or higher results than the filter
at the higher temperature.

The equivalency of Method 17 versus Method 5 may not even
be considered by the agency when allowing the use of Method 17.
The prime consideration may be the agency's legal definition of
particulate matter. As an example, if sulfuric acid is not
considered as particulate matter from power plants, the agency
may allow the use of Method 17 on power plants using even high
sulfur coal. The use of Method 17 in this case may yield a
lower measured emission rate value, but may be legally accept-
able.

39
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Method 17 does not have any special operational problems or
biases if all the prescribed procedures and specifications are
followed. As with Method 5, the most significant errors asso-
ciated with this method occur during sample collection and
recovery phase. Therefore, this method requires competent
personnel adhering to the procedures. Competence can be deter-
mined, most accurately, through observation and evaluation by a
qualified observer onsite.

The blank data forms at the end of thls section may be
:gmoved from the Handbook and used in the pretest, test, and
posttest operations. Each form has a subtitle (e.g., Method 17,
Flgure 3.1) to assist the user in finding a similar filled-in
form in the method description (e.g., in Section 3.4.3 of Method
5). Only those forms that are different from those in Method 5
are included at the end of this section. On the blank. .and
filled-in forms, the items/parameters that can cause the most
significant errors are designated with an asterisk.

1. Procurement of Equipment

Section 3.11.1 (Procurement of Apparatus and Supé;ies)
- gives the specifications, criteria and design features for
equipment and materials required for performing Method 17 tests.
Special design criteria have been established for the pitot
tube, nozzle, and temperature sensor assembly.

These criteria specify the necessary spacing requirements
for the various componehts»of the assembly to prevent aerddy-
namic intexrferences that could cause large errors in velocity
pressure measurement. Special attention has been paid to pro-
viding a detailed procedure for determining if the filter holder
design is sufficient to remain leak free through the normal
range of testing temperatures.

Section 3.11.1 is designed as a guide for the procurement
and initial check of equipment and supplies. The activity
matrix (Table 1.1) at the end of Section 3.11.1 can be used as a
Quick reference; it follows the same order as the written de-
scription in the main text. '/&;Uc
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2. Pretest Preparation

Section 3.11.2 (Calibration of Apparatus) is the same as
the calibration section for Method 5 (Section 3.4.2).

Section 3.11.3 (Presampling Operations) provides the tester
with a guide for supplies and equipment preparation for field
tests. The pretest preparation form can be used as an equipment
checkout and packing list. (Due to the length of this figure,
the blank data form is given only in Section 3.4.3, Figure 3.2).
This form was designed to provide the user with a single form
that can include any combination of Methods 1 through 8 and

Method 17 for the same field trip. The method for packing and
- the description of packing containers should help protect the
equipment, but are not mandatory. Filter holders and impingers
may be loaded and charged in the base laboratory. If this is
done, seal the inlet and outlet of the filter holder, the im-
pingers containing water, and the impinger containing silica
gel.

3. On-site Measurements

Section 3.11.4 (On-site ‘Measurements) contains a step-by-
step procedure for performing sampling and sample recovery.
Several on-site measurement requirements have been added which
will significantly improve the accuracy and precision of the
method. These added reguirements include:

1. Do not use this method for saturated stacks with water
droplets,
2. Make a corresponding change in the sampling rate when

velocity pressure at each sampling point changes by >20%,

3. Leak check the sampling train at the conclusion of the
sampling run and prior to each component change during a sample
run, ,

4. Leak check the pitot tube at the conclusion ofithe
- sampling run,

yoial
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5. Have one traverse diameter in a plane containing the
greatest expected concentration variation, and

6. Allow sufficient time for the filter holder to equili-
brate with the stack temperature.

The on-site measurement chécklist (Figure 4.5) is provided to
assist the tester with a quick method of checking requirements.

4. Posttest Operations

Section 3.11.5 (Postsampling Operations) gives the posttest
equipment check procedures and a step-by-step analytical proce-
dure. Figure 5.1 of Section 3.4.5, or a similar form, should be
used to summarize the posttest calibration checks and should be .
included in the emission test report.

The posttest operation forms (Figures 5.5 and 5.6 of Sec-
tion 3.4.5) will provide laboratory personnel with a summary of
analytical procedures used to determine the sample rinse and
filter weights. This analytical procedure is the same as for
Method 5 (Section 3.4.5). '

Section 3.11.6 (Calculations) is the same as Method 5
- (Section 3.4.6).

Section 3.11.7 (Maintenance) supplies the tester with a
guide for a routine maintenance program. The maintenance of the
in-stack filter holder is the only item different than Method §
(Section 3.4.7).

5. Auditing Procedures

Section 3.11.8 (Auditing Procedures) contains a description
of necessary activities for conducting performance and system
audits. The performance audit is a check on calculation errors,
and therefore is not needed for the analytical phase since it
consists of only a gravimetric determination. Together, a per-
formance audit of data processing and a system audit of on-site
measurements should provide the independent assessment of data
quality needed to allow the collaborative test results to be
used in the final data evaluation. ?‘
e
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6. References

Section 3.11.9 (Recommended Standards for Establishing
Traceability) recommends the primary standards to which the
sample collection and analysis should be traceable.

Section 3.11.10 is the Reference Method and 3.11.11 (Refer-
ences) lists the references used in the compilatiah of this
section of the Handbook.

4
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PRETEST SAMPLING CHECKS
(Method 17, Figure 3.1)

Date Calibrated by

Meter box number AH@

Dry Gas Meter*

Pretest calibration factor Y (within +2% of the average fac-
tor for each calibration run). '

Impinger Thermometer

Was a pretest temperature correction used?

yes no
If yes, temperature correction (within £3°C (5.4%F) over range)

Dry Gas Meter Thermometers

Was a pretest temperature correction made? yes no
© If yes, temperature correction (within 23°C (5.4°F) over range)
Stack Temperature Sensor*
Was the stack temperature sensor calibrated against a reference thermometer?
yes no
If yes, give temperature range with which the readings agreed within x1.5%
of the reference values to K (°R)
Barometer
Was the pretest field barometer reading correct? yes no
(within £2.5 mm (0.1 in.) Hg of the mercury-in-glass barometer)
Nozzle*
Was the nozzle calibrated to the nearest 0.025 mm (0.001 in.})?
yes no
/.

*Most significant items/parameters to be checked. {'.
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ON-SITE MEASUREMENTS CHECKLIST
(Method 17, Figure 4.5)

Apparatus

Probe nozzle: stainless steel glass
Button-hook elbow size
Clean?

Pitot tube: Type S other
Properly attached to probe?*
Modifications
Pitot tube coefficient

Differential pressure gauge: two inclined manometers

other sensitivity
Filter holder: borosilicate glass stainless steel
Clean?
Condenser: number of impingers
Clean?
Contents: 1st 2nd 3rd 4th

Cooling system
Proper connections?
Modifications

Barometer: mercury aneroid other
Gas density determination: temperature sensor type
pressure gauge
temperature sensor properly attached to probe?*

Procedure

Recent calibration: pitot tubes*

meter box* thermometers/thermocouples™
Filters checked visually for irregularities?*
Filters properly labeled?*
Sampling site properly selected?
Nozzle size properly selected?*
Selection of sampling time?
A11 openings to sampling train plugged to prevent pretest contamination?

Impingers properly assembled?
Filter properly centered?
Pitot tube lines checked for plugging or leaks?*
Meter box leveled? Periodically?
Manometers zeroed?

AH@ from most recent calibration

Nomograph setup properly?
Care taken to avoid scraping nipple on stack wall?*

(continued) >
; 24r¢r



Section No. 3.11
Revision No. 0

Date January 4, 1982
Page 12 of 13

(continued)

Effective seal around probe when in-stack?

Filter holder allowed to equilibrate with stack temperature?

Probe moved at proper time?

Nozzle and pitot tube parallel to stack wall at all times?x
Filter changed during run?
Any particulate lost?

Data forms complete and data properly recorde&?*

Nomograph setting changed when stack temp changed significantly?

Velocity pressure and orifice pressure readings recorded accurate]y?*

Posttest leak check performed?* (mandatory)
Leakage rate @ in. Hg . , .
Orsat analysis ' from stack integrated
Fyrite combustion analysis sample location

Bag system leakchecked?*
If data forms cannot be copied, record:
approximate stack temp volume metered
% isokinetic calculated at end of each run

SAMPLE RECOVERY

Brushes: nylon bristle other
Clean?

Wash bottles: glass
Clean?

Storage containers: borosilicate glass other
Clean? Leakfree?

Petri dishes: glass polyethylene other
Clean?

Graduated cylinder/or balance: subdivisions <2 m1?X
other :
Balance: type

Plastic storage containers: airtight?
Clean?

Probe allowed to cool sufficiently?

Cap placed over nozzle tip to prevent loss of particulate?*

During sampling train disassembly, are all openings capped?
Clean-up area description:

Clean? Protected from wind?
Filters: glass fiber _ type
Silica gel: type (6 to 16 mesh)? new? used?
Color? Condition?
Filter handling: tweezers used?
surgical gloves? other

Any particulate spillied?®

(continued)

! /I & &
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(continued)

Water distilled?
Stopcock grease: acetone-insoluble?
heat-stable-silicone? other
Particulate recovery from: probe nozzle
probe fitting
front half of filter holder
Blank: acetone distilled water

Any visible particles on filter holder?:*

A1l jars adequately labeled? Sealed tightly?
Liquid level marked on jars?¥
Locked up?

Acetone reagent: <0.001% residue?
glass bottles
acetone blanks?

(required)

*Most significant items/parameters to be checked.

» / u ¢ /
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

A schematic of the sampling train used in Method 17 is
shown in Figure 1.1. Commercial models of this train are avail-
able. For those who want to build their own, construction
details for many, but not all of the train components are given
in APTD -0581.2 Allowable modifications are described in the
following sections.

The operating, maintenance, and calibrating procedures for
the sampling train are in APTD-0576.%® Since correct usage is
important in obtaining valid results, all users are advised to
read this document and adopt its procedures unless alternatives
are outlined herein.

In this section, applicable specifications, criteria, and/
or design features are given to aid in the selection of equip-
ment or any components that are different from those in Section
3.4.1. Procedures and limits (where applicable) for acceptance
checks are given. _

Table 1.1 at the end of this section is a summary of the
quality assurance activities for the procurement and acceptance
of apparatus and supplies.

1.1 Sampling Apparatus

1.1.1 Filter Holder - An in-stack filter holder cohstructed'df
borosilicate or quartz glass, or stainless steel is required by
the Reference Method. If a gasket is used, it should be made of
silicone rubber, Teflon, or stainless steel. Other filter
holders and gasket materials may be used subject to the approval
of the administrator. The holder should be durable, easy to
load, and leak free in normal applications. It 1is positioned
immediately following the nozzle, with the filter placed toward
the flow.

Y
S
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One of the biggest problems with the Method 17 train is the
inability of some filter holders to remain leakless during the
wide range of temperatures for which they are used. To ensure
that each filter holder is properly designéd, a leak check
should be performed as follows:

1. Assemble the sample probe, filter holder, and filter
as shown in Figure 1.1 with the exception that a steel plug or
blank should be used in place of the nozzle to provide a leak-
less seal. Note: The condenser section does not have to be
used. However, it is suggested that it be used to provide a
more normal leak check with regard to the amount of air volume
that is removed from the train and all of the standard connec-
tions will also be leak checked.

2. Perform the standard leak check at 380 mm Hg (15 in.
Hg) vacuum at ambient temperature. A leakage rate of 0.00057
md3/min (0.02 f£ft3/min) is allowed; however, under these labora-
tory conditions the entire train should be leakless.

3. Put the filter holder in an oven (a Method 5 filter
heater compartment can be used) at about 100°C (212°F) for about
30 min. Perform the leak check with the filter holder in the
oven. The filter holder should again remain leakless.

4. Remove the filter holder from the oven and let cool
for 30 min. Again run the leak check.
5. Place the filter holder in the oven at the maximum

temperature for which you plan to use the Method 17 filter
holder. Allow 30 min for the holder to reach this temperature
and then run the leak check. Note: This may require that the
gasket material be changed to a high temperature material.

6. Remove the filter holder and let cool for 30 min. Run
the final leak check.

If the filter holder passes these leak check procedures
then it is properly designed to remain leak free when properly
maintained. If the filter holder passes the leak checks at the
lower temperatures, but not the maximum temperature;'the manu-

facturer may have to be contacted to either replace the filter
¢ /‘L‘// ‘;‘
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holder or provide a gasket that is designed for higher tempera-
ture sampling. If the filter holder is unable to pass the leak
check procedure at 100°C return the holder to the manufacturer
unless sampling is to be performed only at ambient temperature. -

1.1.2 Probe Extension - Any suitable rigid probe extension may’
be used after the filtér holder. After procuring a probe exten-
sion, the user should visually check it for specifications; that
is, is it the length and composition ordered? The probe exten-
sion should be visually checked for cracks or breaks, and it
should be checked for leaks on a sampling train (Figuré 1.1).
This includes a proper, leak free filter_holdef to probe connec-
tion. It is suggested that when corrosive gases are present
during testing that the probe extension be made of stainless
steel. The use of a heated glass-lined probe should be con-
sidered by the tester when corrosive or condensible material are
present in the stack. The condensed or corroded materials in
the probe extension may drain or be back flushed into the filter :
and contaminate the sample. o

1.1.3 Condenser - It is recommended that an impinger system de=
scribed in Method 5 (Section 3.4) be used to defermine moisture
content of the stack gas. Alternatively, a condenser that
allows the measurement of both the water condensed and the
moisture leaving the condenser, each to within~l‘ml or l'g; (as
described in Section 3.4.1) may be used. H ' '

e
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_TABLE 1.1. ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS AND SUPPLIES
Action if
Frequency and method |requirements
Apparatus Acceptance limits of measurements’ are not met
Sampling

Probe nozzle

Stainless steel (316)

or glass with sharp,
tapered angle <30°;
difference in measured
diameters <0.1 mm (0.004
in.); no nicks, dents,
or corrosion (Sec 3.4.1)

Visually check before
each test; use a mi-
crometer to measure
ID before field use
after each repair

Reshape and
sharpen, re-
turn to the
supplier, or
reject

Filter holder

Leak free; borosilicate
or quartz glass or
stainless steel

Visually check before
use

Return to
supplier

Probe extension

Specified material of
construction; correct
length (Sec 3.4.1)

Visually check for
cracks and breaks,
leak check

Repair, re-
turn to sup-
plier, or re-
ject - o

Pitot tube

Type S (Sec 3.1.2);
attached to probe with
impact (high pressure)
opening plane even with
or above nozzle entry
plane

Calibrated according
to Sec 3.1.2

Repair or re-
turn to sup-
plier

Differential Meets criteria (Sec Check against a gauge-|As above
pressure 3.1.2); agree within 0il. manometer at a
gauge 5% of gauge-oil . minimum of 3 points:
(manometer) manometer (Sec 3.4.1) 0.64(0.025); 12.7
(0.5); 25.4(1.0) mm
(in.) H20
Impingers Standard stock glass; Visually check upon Return to
pressure drop not ex- receipt; check pres- supplier

cessive (Sec 3.4.1)

sure drop (Sec 3.4.1)

Filter holder
gasket

Provide alleak free
seal on filters within

Upon receipt deter-
mine the acceptable

Contact manu-
facturer to

the suggested manufac- temperature range determine

turers temperature for each gasket temperature

range : material - range
(continued) Y
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Table 1.1 (continued)
L —
Action 1f
o Frequency and method |requirements
Apparatus Acceptance limits of measurements are not met

Vacuum gauge'

0-760 mm (0-30 in.) Hg
range, £25 mm (1 in.)
at 380 mm (15 in.) Hg

Check against mer-
cury U-tube manometer
upon receipt

| Adjust or re-

turn to sup-
plier

Vacuumrphmp

Leak free; capable of
maintaining a flow

.rate of 0.02-0.03

m3/min (0.7 to 1.1

ft3/min) for pump

inlet vacuum of 380 mm

(15 in.) Hg

Check upon réceipt
for leaks and capaci-

ty

Repair or re-
turn to sup-
plier

Orifice meter

AHQ of 46.74 + 6.35 mm
(1.84 £ 0.25 in.) H,0
at 68°F (not mandatory)

Upon receipt, visual-
ly check for damage

and calibrate against

wet test meter

Repair if
possible,
otherwise re-
turn to sup-
plier

Dry gas meter

Capable of measuring

volume within +2% at a

flow rate of 0.02
m3/min (0.75 ft3/min)

Check for damage upon
receipt and calibrate
(Sec 3.4.2) against
wet test meter

Reject if

damaged, be-
haves errati-
cally, or
cannot be
properly ad-
justed

+1°C (2°F) of true

Thermometers Check upon receipt Reject if un-
value in the range of for dents or bent able to cali-
0° to 25°C (32° to 77°F)|stem, and calibrate |brate
for impinger thermometer)(Sec 3.4.2) against
and 1£3°C (5.4°F) of true|mercury-in-glass
value in the range of thermometer
0°C to 90°C (32° to
194°F) for dry gas
meter thermometers

Barometer Capable of measuring Check against a mer- |Determine
atmospheric pressure cury-in-glass barom- |correction
within £2.5 mm (0.} eter or equivalent; factor, or
in.) Hg : calibrate (Sec 3.1.2) | reject if

. |difference
more than
£2.5 mm (0.1
in.) Hg

(continued)

s
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Table 1.1 (continued)
- “Action if
‘ Frequency and method | requirements
Apparatus Acceptance limits of measurements are not met
Sample Recovery
Filter holder Nylon bristle with Visually check for Replace or
and nozzle stainless steel stem; damage upon receipt return to
brush { properly sized and supplier
shaped
Wash bottles Two; polyethylene or Visually check for As above
glass; 500 ml damage upon receipt
Storage con- Polyethylene or glass; | Visually check for As above
tainer 500 or 1000 m damage upon receipt
Petri dishes Glass or polyethylene; | Visually check for As above
: sized to fit the glass | damage upon receipt
fiber filters
Graduated Glass and class A; Upon receipt, check As above
cylinder 250 m1 with subdivi- for stock number,
sions <2 m] cracks, breaks, and
manufacturer flaws
Balance Capable of measuring Check with standard Replace or
silica gel to #0.5 g weights upon receipt | return to
and before each use manufacturer
Funnel Glass suitable for use | Visually check for Replace or
with sample bottles damage upon receipt return to
supplier
Rubber police- | Properly sized Visually check for As above
man damage upon receipt
Analytical
Equipment
Beakers and Glass Upon receipt, check Replace or
weighing for stock number, return to
dishes cracks, breaks, and manufacturer
manufacturing flaws
(tontinued)

r/ (-r',) L"s (/
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IR _ Frequency and method | requirements
Apparatus _ ° | Acceptance limits of measurements are not met
Tffp]e beam ‘500-9 capécity;.cap- Check with standard Replace or

balance able of measuring with- | weights upon receipt | return to

X i in £l g - 3 and before each use manufacturer
Analytical Capable of measuring to | Check with standard | As above
balance 0.1 mg ‘ weights upon receipt
' o and before each use
Filters ‘Glass fiber without Manufacturer's guar- | Return to
organic binder; 99.95% | antee that filters | supplier
collection efficiency were tested according '
for 0.3 p dioctyl to ASTM D2986-71; ob-
phthalate smoke serve under light
particles for defects
Temperature Prbper operating con- Visual inspection for | As above
gauge dition damage; compare with
a mercury-in-giass
at room temperature
Hygrometer Proper operating con- Visual inspection for | As above
dition damage; compare with
another instrument
Reagents
Silica gel Indicating type 6-16 Upon receipt, check As above
mesh label for grade or
certification
Distilled water|{ Meets ASTM D1193-74; Check each lot, or Replace or
type 3 (only when specify type when or- | return to
impinger particulate dering manufacturer
catch included)
Stopcock grease| Acetone insoluble, heat | Upon receipt, check As above
stable silicone grease | label for grade or
certification

(continued)
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Table 1.1 (continued)
Action if
Frequency and method | requirements
Apparatus Acceptance limits of measurements are not met
Acetone ACS grade; <0.001% Upon receipt, verify | Replace or
residue in glass residue by evaporat- | return to
bottles ing a blank sample plier
Desiccant Indicating type anhy- | Upon receipt, check As above
drous calcium sulfate for grade and certi-
fication
L R w
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2.0 CALIBRATION OF APPARATUS

Calibration of apparatus is one of the most important func-
tions in maintaining data quality. The detailed calibration
procedures included in this section are designed for the equip-
ment specified by Method 17 as described in the previous sec-
tion. A laboratory log book of all calibrations must be main-
tained. Table 2.1 summarizes the quality assurance activities
for calibration. This section is the same as Method 5 (Section
3.4.2).

g
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TABLE 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT
Action 1f
Frequency and method | requirements
Apparatus Acceptance limits of measurement are not met

Wet test meter

Capacity >3.4 m3/h

Calibrate initially,

Adjust until

(120 ft3/R); accuracy and then yearly specifica-
within 11% by liquid dis- tions are
placement (Sec met, or re-
3.4.2) turn to
manufacturer
Dry gas meter Y, =Y 20.02°Y Calibrate vs wet Repair, or

test meter initially,
and when posttest

replace and
then recali-

check exceeds brate
Y +0.05 Y
Thermometers Impinger thermometer Calibrate each ini- Adjust; de-
+1°C (2°F); dry gas tially as a separate | termine a
meter thermometer component against a constant
+3°C (5.4°F) over mercury-in-giass correction
range; stack tempera- thermometer; then factor; or
ture sensor *1.5% of before each field reject
absolute temperature trip compare each as
part of the train
with the mercury-in-
glass thermometer
Barometer +2.5 mm (0.1 in.) Hg of | Calibrate initially Adjust to
mercury-in-glass barom- | vs mercury-in-glass agree with a
eter barometer; check certified
before and after barometer

each field test

Probe nozzle

Average of three ID
measurements of nozzle;
difference between high
and low <0.1 mm

(0.004 in.)

Use a micrometer to
measure to near-
est 0.025 mm (0.001
in.)

Recalibrate,
reshape, and
sharpen when
nozzlie be-
comes nick-
ed, dented,
or corroded

Analytical
balance

t1 mg of Class-$
weights

Check with Class=$
weights upon receipt

Adjust or
repair

R
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3.0 PRESAMPLING-OPERATIONS~

The quallty assurance act1v1t1es for presampllng operatlonsh
are summarized in Table 3. 1 at the end of this sectlon See
Section 3 0, of this Handbook for details on prellmlnary site
visits. This section is the same as ‘Method 5 (Sectlon 3.4.3)
with the exception of the filter holder as detailed below.

A pretest check will have to be made on most of the sam-
pling apparatus. Figure 3.2 shown in Section 3.4.3 (Method 5)
or a similar form is recommended to aid the tester in preparing
an equipment checkllst, status form, and packing list for
Methods 1 through 8, Method 17, and particle sizing.

Filter holders should be washed with tap water, then with
deionized distilled water and rinsed with acetone. Allow the
filter holder to air dry. The filter holder should have been
checked for proper design to remain leakless at the temperature
for which sampling is to be performed. Inspect the filter
holder gasket and replace if necessary. | The proper gasket
‘material must be_used for the stack temperature expected (i.e.,
a Teflon gasket wiil'not work at 500°F). It is usually best to
pack all types of gasket material normally used_for fhat‘filter
holder in the event that the stack temperatnre is not the same
as reported in the pretest preparation. The manufacturer's sug-
gested temperature range should be known for each type of gasket
material used. ’ ' '

Ty
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0.03 m3/min (0.66 to
1.0 ft3/min) up to 380
mm (15 in.) Hg at pump
inlet
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havior; check
oiler jars every 10
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TABLE 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS
- ~ [Action if
Frequency and method {requirements
Apparatus Acceptance limits of measurements - are not met
Probe 1. Probe extension free|l. Clean probe in- ~ |1. Repeat
of contaminants ternally by brushing |[cleaning and
: with tap water, de- assembly pro-
jonized distilled wa- |[cedures
ter, and acetone; air
dry before test
2. Probe leak free 2. Visually check be-|2. Replace
at 380 mm (15 in.) Hg |[fore test
Impingers, Clean and free of Clean with detebgent, Repair or
filter | breaks, cracks, leaks, |tap water, and discard
holders, and | etc. ' deionized distilled
glass con- water
. tainers
Pump Sampling rate of 0.02- |Service every 3 mo Repair or re-

turn to manu-
facturer

Dry gas meter

Clean and readingé
within £2% of average
calibration factor

Calibrate according
to Sec 3.4.2; check
for excess oil

As above

Reagents and
Equipment

"~ Sampling fil-
ters

(continued)

Free of irregularities,
flaws, pinhole leaks;
desiccate 24 h at 20°
+5.6°C (68° * 10°F),

or oven dry at 105°C
(220°F) 2 to 3 h;
constant weight 0.1 mg

Visually check prior
to testing; weigh on
balance to 0.1 mg
prior to field use

Replace

WA
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Table 3.1 (continued)
Action 1f
Frequency and method |requirements
Apparatus Acceptance limits of measurements are not met
Water Deionized distilled Run blank evapora- Redistill or
conforming to tions prior to field |[replace
ASTM-D1193-74, Type 3 use to eliminate high
solids (only required
if impinger contents
to be analyzed)
Stopcock grease | Acetone insoluble, Check label data upon |Replace
heat stable silicone receipt
grease
Sample recovery | Reagent grade, <0.001% | Run blank evapora- Replace or
acetone residue in glass tions upon receipt return to
bottles supplier
Packing Equip-
ment for
Shipment
Impingers, con- | Rigid container pro- Prior to each ship- Repack
tainers, and | tected by polyeth- ment
assorted ylene foam
glassware
Pump Sturdy case lined with | As above As above
polyethylene foam ma-
terial if not part of
meter box
Meter box Meter box case and/or As above As above
additional material to
protect train compon-
ents; pack spare meter
box
Wash bottiles Rigid foam-lined con- As above As above
and storage tainer
containers
RS
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4.0 ON=~SITE MEASUREMENTS

The on-site activities include transporting equipment to.
the test site, unpacking and assembling the equipment, making
duct measurements, performing the velocity traverse, determining
molecular weights and stack gas moisture contents, sampling for
particulates, and recordlng the data. Table 4.1 at the end of
this section summarizes the quality assurance activities for
on -site activities. Blank data forms are in Section 3.4.12
(Method 5) for the convenience of the Handbook user. This sec-
tion is the same as Method 5 (Section 3.4.4) with the exception
of the items detailed below.

4.1 SAMPLING

4.1.1 Sampling Train Preparation - During preparation of the
sampling train, keep all openings where contamination can occur
covered until just prior to assembly or until sampling com-
mences.

Place 100 ml of distilled water (a graduated cylinder may
be used) in each of the first two impingers; leave the third im-
pinger empiy; and place >200-300 g of preweighed silica gel in
the fourth impinger. Record the weight of the silica gel and
the container on the appropriate data form. Place the empty .
container in a safe place for use later in the sample recovery..
If moisture content is to be determined by impinger analysis,
weigh each of the first three impingers to the nearest 0.5 g,
and record these weights.

Using a tweezer or clean disposable surgical gloves, place
a filter in the filter holder. Be sure that the filter is
properly centered and that the gasket is properly placed to
prevent the sample gas stream from circumventing the filter.
Note: Some filter holder designs require the use of a glass
fiber thimble. 1If this type of filter is used, ensure that a
good fit is made. Poor quality control in filter production by

[ LG
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some manufacturers have resulted in a loose fit or the tearing
of the filter from too tight of a fit.*

4.1.2 Sampling Train Assemblage -~ Assemble the train as shown
in Figure 1.1, using (if necessary) a very light coat of sili-
cone grease only on the outside of all ground-glass joints to
avoid contamination. Place crushed ice and water around the
impingers.

If not already an integral part’ of the probe assembly, a
temperature sensor should be attached to the metal sheath of the
sampling probe so that the sensor extends beyond the probe tip
and does not touch any metal. 1Its position should be about 1.9
to 2.54 cm (0.75 to 1 in.) from the pitot tube and the nozzle to
avoid interference with the gas flow. Alternative arrangements
are shown in Method 2. Note: Because of the larger diameter of
the in-stack filter holders, it is critical that the 3 in.
minimum spacing be observed from the nozzle tip to the closest
portion of the filter holder. -

4.1.3 Sampling Train Leak Checks - Leak checks are necessary to
assure that the sample has not been biased low by dilution air.
The Reference Method (Section 3.11.10) specifies that 1leak
checks be performed at certain times as discussed below.

Pretest ~ A pretest leak check is recommended, but not re-
quired. If the tester opts to conduct the pretest leak check,
the following procedure should be used:

After the sampling train has been assembled, plug the
nozzle with a material that can withstand the stack temperature.
Place the filter holder in the stack and allow time for the fil-
ter temperature to stabilize with the stack temperature. Leak
check the train by pulling a 380 mm (15 in.) Hg vacuum. Note:
A lower vacuum may be used if it is not exceeded during the
test. Also after the filter holder has been heated to the stack
temperature, it may be necessary to remove it from the stack and
retighten before it will pass the leak check. = o

i/"-"/,,’(,/2/(/’



Section No. 3.11.4
Revision No. 0

Date January 4, 1982
Page 3 of 6

Posttest - Same as for Method 5.

4.1.4 sampling Train Operation - Just prior to placing probe
in-stack to heat filter holder, clean the portholes to minimize
the chance of sampling deposited material. Place the capped off
filter holder in the stack and allow sufficient time for the
filter holder to equilibrate with the stack temperature. This
may take as much as 30 min for some stacks.

4.2 SAMPLE RECOVERY

The Reference Method (Section 3.11.10) requires that the
sample be recovered from the nozzle and all sample exposed
portion of the filter holder and the filter in an area sheltered
from wind and dust to prevent contamination of the sample. - The
capped-off impinger box or condenser system and the capped
sampling ptobe-cén be transported to the cleanup area without
risk of losing or contaminating the sample.

4.2.1 Filter - Initially take three unused filters for each
field test series and label them as filter blanks. (These three
should have been tared when the sample filters were tared, since
they are used as the control samples for the check on.the ana-
lytical balance.) The filter used for the sample run should be
recovered. Using a pair of tweezers and/or clean disposable
surgical type gloves, carefully remove the filter from the
filter holder, and place it in its designated petri dish. Any
filter fibers or particulates which adhere to the filter gasket
should be removed with a nylon bristle brush or a sharp blade
and placed in the container, which should then be closed):,
sealed, and labeled. Note: When the filter holder is opened
check the filter for tares in the collection area and check the
sealed area to determine if any particulate has bypassed the
seal or 1if the filter was improperly placed in the filter
holder.

4.2.2 Nozzle and Filter Holder - Initially, put a minimum of
200 ml of the acetone used for sample recovery in a sample

(/927




Section No. 3.11.4
Revision No. 0

Date January 4, 1982
Page 4 of 6

bottle, mark the liquid level, seal, and label the bottle. Then
enter the bottle number on the sample recovery and integrity
form. A single sample bottle is usually adequatelfor the col-
lection of all the rinses; it should be labeled and recorded in
the same manner as the blank sample.

Clean the outside of the probe filter holder, pitot tube,
and nozzle to prevent particulates from being brushed into the
sample bottle. Carefully remove the probe nozzle, and rinse the
inside surface (using a nylon bristle brush and several acetone
rinses) into the sample bottle until no particles are visible in
the rinse. Then make one final rinse of the nozzle with the
- acetone. Clean the swagelok fitting by the same procedure.
After rinsing each component, rinse the sample off the brush
into the sample container.

Distilled water may be used instead of acetone when ap-
proved by the administrator and should be used when specified by
the administrator. In these cases, save a water blank and
follow administrator's directions on analysis.

After ensuring that all joints are wiped clean of silicone
grease (if applicable), clean the inside of the front half
(sample exposed portion) of the filter holder by rubbing the
surface with the brush and rinsing with acetone. Rinse each
surface three times or more if needed to remove visible partic-
ulate. Make final rinse of the brush and filter holder. !

After all the rinsings have been collected, tighten the 1lid
on the sample bottle securely. As a precaution in case of
leakage, mark the acetone level on the bottle, and note it on
the sample recovery form (Figure 4.4 of Method 5).
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 TABLE 4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS

= — _ Action if
Frequency and method |requirements
Apparatus Acceptance limits of measurements jare not met
Sampling
Filter ~ Centered in holder; no | Use tweezers or surg- |Discard fil-
breaks, damage, or con- | ical gloves to load |ter, and re-
- tamination during load- | 1oad
ing
Condenser 100 m1 of distilled Use graduated cylinder|Reassemble
(addition of | water in first two - | to add water, or weigh|system
reagents) impingers; 200-300 g of | each impinger and its
silica gel in fourth contents to the near-
impinger est 0.5 ¢
Assembling 1. Assembly specifica-| 1. Before each sam- |]. Reassem-
sampling tions in Fig 1.1 pling run ble
train
2. Leak rate <4% or 2. Leak.check before (2. Correct
0.00057 m3/min (0.02 sampling by plugging |the leak
ft3/min), whichever is | the nozzle or inlet
less to first impinger and
by pulling a vacuum of
380 mm (15 in.) Hg
Sampling -1 1. Within £10% of 1. Calculate for 1. Repeat
(isokineti- isokinetic condition each sample run the test run
cally)
2. Standard checked 2. Make a quick cal- {2. As above
for minimum sampling culation before test,
time and volume; sam- and exact calculation
pling time/point >2 min| after
3. Minimum number of 3. Check before the |3. Repeat
points specified by first test run by mea-|the procedure
Method 1 suring duct and using |to comply
Method 1 with specifi-
cations of '
Method )
(continued)
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Apparatus

Acceptance limits

Frequency and method
of measurements

Action if
requirements
are not met

4. Leakage rate

<0.00057 m3/min (0.02
ft3/min) or 4% of the
average sampling vol-
ume, whichever is less

4. Leak check after
each test run or be-
fore equipment re-
placement during test
at the maximum vacuum
during the test (man-
datory)

4. Correct
the sample

volume, or

repeat the

sampling

Sample recovery

Noncontaminated sample

Transfer sample to
labeled polyethylene

| containers after

each test run; mark
level of solution in
the container

Repeat the
sampling

Sample
logistics,
data collec-
tion, and
packing of
equipment

1. Al1 data recorded
correctly

1. After completion
of each test and be-
fore packing

1. Complete
data

2. All equipment exam-
ined for damage and
labeled for shipment

2. As above

2. Repeat
the sampling
if damage oc-
curred during
the test

3. Al1 sample contain-
ers and blanks properiy
labeled and packaged

3. Visually check
upon compietion of
each sampling

3. Correct
when possible

2
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Table 5.1 summarizes the quality assurance activities for

the postsampling operations.

5 (Section 3.4.5).

This section is the same as Method

TABLE 5.1. ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS
Action if
Frequency and method | requirements
Apparatus Acceptance limits of measurements are not met
Sampling

Dry gas meter

Within +5% of calibra-
tion factor

Make three runs at a
single, intermediate
orifice setting and
at highest vacuum
occurring during test
(Sec 3.4.2)

Recalibrate
and use cali-
bration fac-
tor that
gives lesser
sample volume

Meter thermome-
ter

Within +6°C (10.8°F)
at ambient pressure

Compare with ASTM
mercury-in-glass
thermometer after
each field test

Recalibrate
and use
higher tem-
perature for
calculations

Barometer

Within £5 mm (0.2 in.)
Hg at ambient pressure

Compare with mercury-
in-glass barometer
after each field
test

Recalibrate
and use lower
barometric
values for
calculations

Stack tempera-
ture

Within £1.5% of the
reference check temp-
erature (°R)

After each run, com-
pare with reference
temperature

Recalibrate
and calculate
with and
without tem-
perature ccr-
rection

(]Z/Z_&
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6.0 CALCULATIONS

Calculation errors due to mathematical mistakes can be a
large part of total system error. Therefore, each set of calcu=-
lations should be repeated or spot checked by a team member
other than the one who performed them originally. If a differ-
ence greater than a typical roundoff error is detected, the
calculations should be checked step by step until the source of
error is found and corrected.
tageous

A computer program can be advan-
in reducing calculation errors. If a standardized
computer program is used, the original data entry should be
checked; if differences are observed,
be made.

a new computer run should
Table 6.1 summarizes the quality assurance activities
for calculations. This section is the same as Method 5 (Section

3.4.6).
TABLE 6.1. ACTIVITY MATRIX FOR CALCULATIONS
Action 1f
Frequency and method | requirements
Apparatus Acceptance limits of measurements are mot met

Analysis data
form

A1l data and calcula-
tions given on the
form

Visual check

Complete the
missing data
values

Calculations Difference between Repeat all calcula- Indicate er-
checked and original tions starting with rors in ana-
calculations not in raw data for hand lysis; data
excess of roundoff calculations and for | on Fig 6.1A
error; at least one one sample per test or B (Sec
decimal figure beyond 3.4.6)
that of acquired data
retained

Isokinetic 90% < I < 110%; see For each run, calcu- | Repeat the

variation Eqs 6.9 and 6.10 (Sec late I test, and ad-
3.4.6) calculation just flow
of 1 rates to
maintain I
within £10%
variation
— -

AR
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7.0 MAINTENANCE

Normal use of emission testing equipment subjects it to.
corrosive gases, temperature extremes, vibrations, and shocks.
Keeping the equipment in good operating order over an extended -
period of time requires routine maintenance and knowledge of the |
equipment. Maintenance of the entire sampling train should be .
performed either quarterly or after 1000 ft® of operation,
whichever occurs sooner. Maintenance procedures are summarized
in Table 7.1. These procedures are recommended, but not re-
quired, to increase the reliabilty of the equipment. This
section is the same as Method 5 (Section 3.4.7) except for the
following addition.

Because of their design and use, many filter holders are
high maintenance items. The filter holder must be cleaned, the
bent and damaged parts replaced, the filter surfaces smoothed,
and the gaskets cleaned or replaced to ensure that the filter
holder remains leak tight, does not contaminate the sample and
does not tear the filter. °

Y
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TABLE 7.1 ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS

Agﬁaratus‘ ' _

Accgptahcé'1iMit§

Frequency and method
of measurements

Actfon if
requirements
are not met

Routine main-
tenance

No erratic behavior

Routine maintenance
quarterly; disassem-
ble and clean yearly

Replace parts
as needed'

Fiber vane pump

Leak free; required

flow

Periodic check of 0il.
jar; remove head and

change fiber vanes

Replace ésj

needed

Diaphragm pump

Leak-free valves func-
tioning properiy; re-
quired flow

Clean valves during
yearly disassemb]y

Replace when
leaking or
when running

| erratically

ny gaé'métér

No excess oil, corro-

sion, or erratic dial
rotation

Check every 3 mo for
excess oil or corro-

sion by removing the
| top plate; check

valves and diaphragm
when meter dial runs
erratically or when
meter will not cali-
brate

Replace parts
as needed, or
replace meter

Inclined manom-

No discoloration of or

Check periodically;

Replace parts

eter visible matter in the change fluid during as needed
fluid yearly disassembly
Sample train No damage or leaks Visually check every | If failure
3 mo; completely noted, use
disassemble and clean | another en-

or replace yearly

tire control
console, sam-
ple box, or
umbilical
cord

Nozzle

No dents, corrosion,
or other damage

Visually check be-

Use another

fore and after each nozzle or

test run clean,
sharpen, and
recalibrate

/;
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8.0 AUDITING PROCEDURE

An audit is an independent assessment of data quality.
Independence is achieved by using apparatus and standards that
are different from those used by the regular field crew. Rou-
tine quality assurance checks by a field team are necessary for
obtaining good quality data, but they are not part of the au-
diting procedure. Table 8.1 summarizes the quality assurance
activities for the auditing. This section is the same as Method
5 (Section 3.4.8) with the exception of the system audit de-
scription.

The major difference in the system audit of Method 17..
versus Method 5 is that the in-stack filter holder is heated by
the stack. This temperature is critical 1) before test for the
pretest leak check, 2) during sample extraction, and 3) during
the posttest leak check. The observer should be satisfied that
the filter holder temperature is relatively close to the actual
stack temperature.
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TABLE 8.1. ACTIVITY MATRIX FOR AUDITING PROCEDURES

Frequency and method

Action if
requirements

Audit Acceptance limits of measurement are not met
Volumetric Measured pretest volume| Once during every en- | Review oper-
sampling within £10% of the forcement source ating tech-

phase of audit volume test, measure ref- nique
Method 17 erence volume, and
compare with true
volume
Data processing | Original and check cal-| Once during each Check and

errors

culations agree

enforcement source
test, perform inde-
pendent caiculations
starting with the
recorded data

correct all
data

Systems audit

Conducted method as
described in this sec-
tion of the Handbook

Once during each
enforcement test
until experience
gained, then every
fourth test, observe
techniques; use
audit checklist

Fig 8.1 (Sec 3.4.8)

Explain to
team the de-
viations
from recom-
mended tech-
niques; note
the devia-
tions on Fig
8.1 (Sec
3.4.8)

L
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations are
necessary: (1) the measurement process must be in a state of
statistical control, and (2) the systematic errors, when com-
bined with the random variations (errors of measurement), must
result in a suitably small uncertainty.

To ensure good data, it is necessary to perform quality
control checks and independent audits of the measurement pro-
cess; to document the data by quality control charts (as appro-
priate); and to use materials, instruments, and procedures which
can be traced to a standard of reference.

The working calibration standards should be traceable to
primary or higher level standards such as those listed below.

1. The dry gas meter should be calibrated against a wet
test meter which has been verified by liquid displace-
ment, as described in Section 3.4.2.

2. The analytical balance should be checked against
Class-S weights that are traceable to NBS standards.
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10.0 REFERENCE METHOD®

METHOD 17. DETIRMINATION OF PARTICULATE
EMISSIONS FROM STATIONARY SOURCES (INe
STACK PILTRATION METROD)

Introduction

Partigniate matter iz not an absolute
qQuantityrrather, it is a function of tefapera-
ture and' pressure. Therefore, to prevent

" varjabllity in particulate matter emission
regulstions and/or associated test methods,
the temperature and pressure &t which par-
ticulste matter is to be measured must be
carefully defined. Of the two variables (i.c.,
tempaerature and pressure), temperature has
the greater effect upon the amount of par-
ticulate matter {n an effluent gas stream; in
most stationary source categories, the effect
of pressure appears to be negligible.

In method 5, 250° P is established as a
pominal reference tempersture. Thus,
where Method § is specified in an applicadle
subpart of the standards, particulate matter
is defined with respect t0 temperature. In
order to maintain a collection temperature
of 380° P, Method 8 employs a heated glsss

sample prode and a heated fliter holder.
This equipment i3 somewhat cumbersome
and requires care in its operation. There-
fore, where particulate matter concentra-
tions (ovar the normal range of temperature
associated with a specified source category)
are known to be independent of tempera-
ture, it is deszirable to eliminate the glass
probe and heating systems, and sample st
stack temperature.

This method describes an in-stack sam-.
pling system and sampling procedures for
use in such cases. It i3 intended to be used
only when specified by an applicable sub-
part of the standards, and only within the
applicable temperature limits (if specified),
or when otherwise approved by the Admin-
istrator.

1. Principle and Applicability.

1.1 Principle. Particulate matter is with-
drawn {sokinetically from the source and
collected on a glass fiber fiiter maintained
at stack temperature. The particulate mass
is determined gravimetrically after removal
of uncombined water.

1.2 Applicabllity. This method applies to
the determination of particulate emissions
from stationary sources for deétermining
compliance with new source performance
standards, only when specifically provided
for in an applicable subpart of ‘the stan.
dards. This method is not applicable -to
stacks that contain liquid droplets or are
saturated with water vapor. In addition, this
method shall not be used as written if the
projected cross-sectional area of the probe
extension-fliter holder assembly covers
more than § percent of the stack cross-sec-
tional area (see Section 4.1.2).

3. Apparatus.

2.1 8ampling Train. A schematic of the
sampling train used in this method is shown
in Figure 17-1. Construction details for
many, but not all, of the train components
are given in APTD-0581 (Citation 2 in Sec-
tion 7T)% for changes from the APTD-0881
document and for allowable modifications
to Figure 17-1, consult with the Administra-

' tor.
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The operating and maintenance proce-
dures for many of the sampling train com.
ponents are described in APTD-0576 (Cita.
tion 3 {n Section 7). Since correct usage is
ifmportant in obtaining valid results, all
users should read the APTD-0576 document
and adopt the operating and maintenance
procedures outlined in it, unless otherwise
specified herein. The sampling train con-
sists of the following components:

2.1.]1 Probe Nozzle. Stainless steel (316)
or giass, with sharp, tapered lesding edge.
The angle of taper shall be 030’ and the
taper shall be on the outside to preserve a
constant internal diameter. The probe
nozzie shall be of the button-hook or elbow
design, unless otherwise specified by the Ad-
ministrator. If made of stainless steel, the
nozzie shall be constructed from searnless
tubing. Other materials of construction may
be used subject to the approval of the Ad-
ministrator,

. A range of sises suitable for lsokinetic
sampling should be avallable, e.g., 0.32 0
1.27 etn (M to ¥ in)=er larger i{f higher
volume sampling trains are used—inside &i-
ameter (ID) nozzles in increments of 0.13 cm
(%is in). Each nozzie shall be calibrated ac-
?rdl:{ to the procedures outlined in Bec-
on §.1.

2.1.2 PFiter Holder. The in-stack fliter
holder shall be constructed of borosilicate
or Quarts glass. or stainless steel: if a gasket
is used, it shal! be made of silicone rubber,
Teflon, or stainiess steel. Other holder and
sasket materials may be used subject to the
approval of the Administrator. The filter
bolder shall be designed to provide a posi-
tive seal sgainst leakage {rom the outside or
around the filter.

2.1.3 Probe Extension. Any suitable rind
:n;:: extension may be used after the filter

older.

2.14 Pitot Tube. Type S, as described in
Section 2.1 of Method 2, or other device ap-
proved by the Administrator; the pitot tube
ahall be attached to the probe extension to
allow constant monitoring of the stack gas
velocity (see Figure 17-1). The impact (high
pressure) opening plane of the pitot tube
shall be even with or above the nozzle antry
plane during sampling (see Method 2,
Figure 2-8b). It iz recomnmended: (1) thst
the pitot tube have a known baseline coeffl-

cient, determined as outlined in Section ¢4 of

Method 2. and (2) that this known coeffi-
cient be preserved by placing the pitot tube
in an inter{erence-free arrangement with re-
spect W the sampling nozle, filter holder,
and temperature sensor (see Figure 17-1).
Note that the 1.0 cm (0.78 in) free-space be-
tween the nozie and pitot tube shown in
Figure 17-1. is based on a 1.3 cm (0.8 in) ID
nozle. If the sampling train is designed for
sampling at higher flow rates than that de-
gcribed in APTD-0581, thus necessitating
the use of larger sized nozzles, the free.
space shall be 1.9 em (0.75 in) with the larg-
est sized nozxle in place.

Source-sampling assemblies that do not
meet the minimum spacing requirements of
Figure 17-1 (or the equivalent of these re-
Quirements. ¢.g., Figure 2-7 of Method 2)
mey be used; however, the pitot tube coeffi-
cients of such assemblies shall be deter-
mined by callibration, using methods subject
to the approval of the Administrator.

2.1.5 Differential Pressure Gauge. In.
clined manometer or equivalent device
(two), a3 described in Saction 2.2 of Method
3. One manometer shall be used for velocity
head (Ap) readings, and the other, for ori-
fiee differentisl pressure readings.

2.1.6 Condenser. It is recommended that
the impinger system described in Method §
be used to determine the moisture content
of the stack gas. Alternatively, any system
that sllows measurement of both the water
condensed and the moisture leaving the con-
denser, each to within 1 m} or 1 g, may be
used. The moisture leaving the condenser
can be measured either by: (1) monitoring
the temperature and pressure at the exit of
the condenser and using Dalton’s law of
partial pressures; or (2) passing the sample
gas stream through a silics gel trap with
exit gases kept below 20° C (68° ) and de-
termining the weight gain. .

PFexible tubing may be used between the
probe extension and condenser. If means
other than silioa gel are used to determine
the amount of moisture lesving the con-
denaser, it is recommended that silios gel still
be used between the condenser system and
pump to prevent molsture condensation in
the pump and metering devices and to avoid
the need to make corrections for molsture
in the metered volume.

2.1.7 Metering System. Vacuum gauge.
leak-free pump, thermometers capable of
measuring temperature to within 3° C (5.4°
M), dry gas meter capadle of measuring
volume to within 2 percent, and related
equipment, as shown in Pigure 17-1. Other
metering systems capabdble of maintaining
sampling rates within 10 percent of isokine-
tic and of determining sample volumes to
within 2 percent may be used. subject to the
approval of the Administrator. When the
metaring system is used in conjunction with
a pitot tube, the system shall enable checks
of isokinetic rates.

Sampling trains utilizing metering sys-
tems designed for higher {low rates than
that described in APTD-0381 or APTD-0576
may be used provided that the specifiea-
tions of this method are met.

2.1.8 Barometer. Mercury, aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
(0.1 in. Hg). In many cases, the barometric
resding msay be obtained from s nearby na-
tional westher service station, in which case
the station value (which is the absolute
barometric pressure) shall be requested and
an adjustment for elevation differences be-
tween the weather station and sampling
point shall be applied at s rate of minus 2.5
mm Hg (6.1 in. Hg) per 30 m (100 {t) eleva-
tion increase or vice versa for elevation de-
crease.

2.1.9 Gas Density Determinstion Equip-
ment. Temperature sensor and pressure
gauge, as described in Sections 2.3 and 2.4 of
Method 2, and gas analyzer, if necessary, as
descrided in Method 3.

The tempersture sensor shall be attached
to either the pitot tube or to the probe ex-
tension, in a fixed configuration. If the tem-
perature sensor is attached in the field; the
sensor shall be piaced in an interference-
free arrangement with respect (o the Type
8 pitot tube openings (as shown in Figure
17-1 or in Pigure 2-7 of Method 2). Alterna-
tively. the temperature sensor need not be
attached to elther the probe extension or
pitot tudbe during sampling, provided that &
difference of not more than 1 percent in the
average velocity messurement is introduced.
This alternative is aubject to the approval
of the Administrator.

2.2 Sample Recovery.

2.2.1 Probe Nozzle Brush. Nylon bristle

brush with stainless steel wire handle. The -

brush shall be properiy sized and shaped to
brush out the probe noxzzle.

Section No. 3.11.10
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2.2.2 Wash -Bottles=Two. Glass wash
bottles are recommended. polyethylene
wash botties may be used st the option of
the tester. It is recommended that acetone
not be stored in polyeithylene bottles for
longer than a month.

2.2.3 Glass Sample Storage Containers.
Chemically resistant, borosilicate glass bot-
tles, for acetone washes, 500 ml or 1000 ml.
Screw cap liners shall either be rubber-
backed Teflon or shall be constructed so 88
to be leak-free and resistant to chemical
attack by acetone. (Narrow mouth glass bot.
tles have been found to be less prone to
jeakage.) Alternstively, polyethylene bottles
may de used. .

2.24 Petri Dishes. For filter ump)u.
glass or polyethylene, unless otherwise
specified by the Administrator.

2.2.5 Graduated Cylinder and/or Bal-
ance. To measure condensed water to within
1 mi! or 1 5. Graduated cylinders shall have
subdivisions no greater than 2 ml. Most lab- -
oratory balances are capable of weighing to
the nesrsst 0.5 g or less. Any of these -bal-
ances i3 suitable for use here and in Section

2.3.4. P
2.2.6 Plestic Storage Contatners, .Alr‘
tight containers to store silica gel. : )
2.2.7 Punnel and Rubber Policeman. '!‘q,
aid in transfer of silica gel to container: not.
necessary if'sflica gel is weighed in the mld
2.2.8 Funnel. Glass or polyethylene, to
add in sample recovery.

2.3 Anelysis,

2.3.1 Gilass Weighing Dishes.
23.2

2.3.3

Desiccator.

Anslytical Balance. To measure W
within 0.1 mg.
.3.4 - Balance. To measure to within 0.3

2 3 S Beakers. 250 ml.

2.3.6 Hygrometer. To measure the rela.
tive humidity of the laboratory envirom-
ment.

2.3.7 Temperanture Gauge. To measure
the tempersture of the laboratery environ.
ment.

3. Reagents.

3.1 Sampling.

3.1.1. PFilters. The ‘in-stack filters shall be
glass mats or thimble: fiber filters, without
organic binders, and shall exhibit at least
$9.95 percent efficiency (00.05 percent pene-
tration) on 0.3 micron dioctyl phthalate
stooke particles. The filter efficiency tests
shall be conducted 'in accordance Wwith
ASTM standard method D 2986-71. Test
dstz from the supplier's quality control pro-
gram are sufficient for this purpose.

3.1.2 Stilica Gel. Indicating type. 6- w0 16-
mesh. If previously used, dry at 175° C (350°
F) for 2 hours. New silica gel may be used a3
recefved. Alternatively, other types of desic-
cantz (equivalent or better) may be used.
subject to the approval of the Administra-
tor.

3.1.3 Crushed Ice..

3.1.4 Btopcock QGrease. Acetone-insoluble,
heat-stable silicone grease. This is not nee-
essary if screw-on comnectors with Teflon
sleeves, or similar, are used. Alternatively.
other types of stopcock grease msy be used,
subject to the approval of the Administra.
tor.

3.2 Sample Recovery. Acetone, reagent
grade, 00.001 percent residue, in giass bot-
ties. Acetone from meial contalners genersl-
1y has a high residue blank and should not
be used. Sometirnes. suppliers transfer ae
etone to glass dottles from metal containers.
Thus, scetone blanks shall. be run prior o
field use and oniy acetone with low biank

37
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wvalues (00.001 percent) shall be used. In no
case shall a blank value of greater than
0.001 percent of the weight of acetone used
be subtracted from the sample weight.

3.3 Analysis.

3.3.1 Acetone. Same as 3.2.

1.3.2 Desiccant. . Anhydrous calcium sul.
fate, Indicating type. Alternatively, other
types of desiccants may be used, subject W
the spproval of the Administrator.

4. Procedure

4.] Sampling. The compiexity of this’

method is such that, in order to obtain reli-
sble results, testers should be trained and
experienced with the Lest procedures.

4.1.1 Pretest Preparation. All compo-
nents shall be maintained and calibrated ac-
cording to the procedure described in
APTD-0378, unless otherwise specified
herein,

Weigh several 200 to 300 g portions of
silica gel in alr-tight containers (o the near-
est 0.5 g. Record the tota) weight of the
silica gel plus container, on each container.
A3 an alternative, the silica gel need not be
preweighed, but may be weighed directly in
its impinger or sampling holder just prior o
train assembdly.

Check filters visually sguinst light for ir-
regularities and flaxs or pinhole leaks.
Label filters of the proper size on the back
side near the edge using numbering ma-
chine Ink. As sn alternative, Jabel the ship-
ping containers (giass or piastic petri dishes)
and keep the filters in these containers at
:.nu times except during sampling and weigh-

£.

Desiccate the filters at 20=5.6° C (68=10°

F) and ambient pressure for at least 24
hours and weigh at intervals of at least ¢
hours t0 a constant weight, l.e., 00.5 mg
change from previous weighing: record re.
sults to the nearest 0.1 mg. During each
weighing the filter must not be exposed W
the laborstory aitmosphere for a period
greater than 2 minutes and s relative hu.
midity above 50 percent. Alternstively
(unless otherwise apecified by the Adminis-
trator), the filters may be ovan dried at 105°
C (220° ™) for 2 to 3 hours, desiccated for 2
hours, and weighed. Procedures other than
those deacridbed, which sccount for relative
humidity efiects, may be used, subject Lo
the approval of the Administratar.

4.1.2 Preliminary Determinations. Select
the sampling site and the minimuts pumber
-of sampling points according to Method 1 or
as specified by the Administrator. Make a

projected.area model of the probe exten-
sion-{iiter holder assembly, with the pitot
tube {ace openings positioned along the cen.

terline of the stack, &s shown in Figure 17-2. '

- Calculate the estimated cross-section block-
age, as shown in Figure 17-2. If the blockage
exceeds 5 percent of the duct cross sectional
ares, the tester has the following optlions:
(1) s suitsble out-of-stack filtration method
ma) be used instead of in-stack filtration: or
€2) a specia) in-stack arrangement, in which
the sampling and velocity measurement
sites are separate. may be used; for details
concerning this approach. consult with the
Administrator (see also Citation 10 {n Sec-
tion 7). Determine the stack pressure. tem-
perature, and the range of velocity heads
using Method 2; it iz recomunended that &
Jesk-check of the pitot lines (see Method 2,
Section 3.1) be performed. Determine the
moisture * content using Approximation
Method 4 or its alternatives for the purpose
of making isokinetic sampling rate settings.
Determine the stack gas dry molecular
weight, as described in Method 2. Section
3.6; if integrated Method 3 sampling is used
for molecular weight determination, the in-
tegrated bag sampie shall be taken aimulta.
necusly with, and for the same total length
of time as. the particular sample run.

TEMPERATURE

A\

N

IN-STACK FILTER-
PROBE EXTENSION
ASSEMSLY

ESTIMATED
SLOCKAGE *
)

TYPES
PITOT TUSE
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STACK
WALL

SAMPLING
NOZZLE

Figure 17-2. Projected-area model of cross-section
blockage (approximate average for a sample traverse)
caused by an in-stack filter holder-probe extension

assembly.
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Select & net.ﬂe size based on the range of

welocity heads. such that it ia not necessary
uehmeu‘emalellnmeﬁerwmun
Waln isokinetic mumdiing rates. During the
run. do not change the nozzle sive. Ensure
that the proper differentia) pressure gauge
i3 chosen for the range of velocity heads en-
countered (see Section 2.2 of Method 2).

Select & probe extension length such that
al) traverse points can be sampled. Por large
stacks. consider aampling from opposite
sides of the steck to reduce the length of
probes.

Select & tota) sampling time greater than

or equal to the minimum total sampling -

time specified {n the test proecedures for the
lnegme fndustry such that (1) Ua» sampling
time per point is not lesithan 2. minutes Lor
some greater time interyval A specified by
be Administrator), and (2) the sample
volume taker: (correcled o standard condi-
tions) wil} exceed the regquired minimum
tota) gas sample volume. The Jatier &5 based
on an approzimate average sampiing rate. -

1t ‘is recommended that the number of

minutes sampled at each point be an integer
or &n integer plus one-half minute. (n order
10 Bvoid timekeeding errors.
* In some eircumstances, e.g.. bateh cycles.
ft may be necessary 10 sample for shorter
times at the traverse points and to obialn
smaller gas sample volumes. 1n these cases,
the lndmtnu.nlou spproval must first be
oblained. K

4.1.3 Premrmcn .0f Collection Train.
During preparation ard assembdly of the
sampling train, keep all openings where con.
Amination ewn occur covered untl) -just
prior o assembdly or unt) sampling is about
0 begin.

1! impingers are used to condense luek
§83 moisture, prepare them a2 follows: place
100 m! of water in each of the first two tm.
unnn leave the third impinger emptly.

and trans{er approximately 200 o 300 g of

preweghed silica gel from i coniainer to
the fourlh impinger.;:More silics gel may be
used. but eare should be taken 1o ensyre
ihat §t 15 not entrained and ca’Fied out from
the impinger during sampling. Place the
eontainer in a clean place for later use in
the sample recovery. Ahernatively, the
weight of the silica gel plus impinger may
: ':e;em:ned 7] Lhe nearest o s 4 md re-
L]

1§ .some mom oum than lmptnun is

md 10 condense maisture, prepare. the con-
éenser (and: if appropriate, silics gel for
eendenser outlet) for use.

Using s tweezer or ¢lean disposadble surgi-
cal gloves, place & labeled (identified) and

Section No.
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‘weighed filter tn the filter holder. Be sure

that the filter i properly centered and the
gasket properly placed 50 as not to allow the
sampie gas stream to circumvent the fUter.
Check filter for tears afier assembly is com-
pieted. Mark the prodbe extension with heat
resistant tape or by some other method o
denote the proper distance into the slack or
duct for each sampling point.,

Azsernble the train as in Figure 17-1, using
s very light coal of sflicone grease on &l
ground glass jolnis and greasing only the
outer portion (see APTD-0576) to avold pos.
nbun; of contamination by the silicone
‘grense. Placy, enuhed fee around the im-
pingers.

€.1.4 1leak Chetk Prceedum -

414, Pm.m Leak-Chetk. ' A pretest
cuind U the u.ner opus nonduc!. the pre.
tast lel.h-eheck I.he following . procedure

'lhulbcun

“ASver the aampling uwa has been assem-

“bled. plug the inlet 1o the prode nozzle with

& materia) that wil) be able to withstand the
stack temperature. Insert the filter holder
into the stack and walt approximstely §
minutes (or longer, if necessary) to allow
the system to come 1o equilibrium with the
temperature of the stack gas stream. Turn
on the pump and draw a vacuum of at Jeast
380 mm Hg (15 in. Hg): note that & Jower
vacuum may be used, provided that it s not
exceeded during the test. Determine the
Jeakage rate. /. Jeakage raie in excess of ¢4
percent of the average sampling rate or
0.00087 ms/min. .(0.02. dn) whichever s

“less, Is unacceptable. -

The following leuk-ebee.k lnnrueuons for
the sampling irain deseribed in APTD-0578
and APTD-038] may de helpful. Start the
pump with by-Dass valve fully open and
coarse adjust valve comypletely closed. Par-
tially open the coarse adjust valve and
slowly close the by-pass valve unti] the de-
sired vacuum '{s reached. Do not reverse di-

- recuon of by-pass valve. If the desired

vacuum is exceeded. either lesk-check al
this*higher vacuum or end the Jeak-check as
shown below and siart over.

When the leak-check 5 completed, first
slow)y remnove the plug {rom the inlet to the
probe nozile and immediately turn off the
vacvurn pump. This prevents water from
being forced backward and keeps silica gel
from being entrained beckward.. .

4.1.4.2 Leak-Checks Durinig s:.mple Run,

‘1§, 8uring the samphing run, & component

(e.g.. filier assembly of impinger) change be-
comes necessary, & leak<chetk shall be con-

ducied immediately before the change i -

made. The Jeak<check shall be done scecord-
Ing 1o the procedure outlined In Section
4.1.4.] above, except that it shall be done at
& vacuum equal to or greater than Lhe maxi.
murmn value recorded up Lo that point in the
test. If the leakage rate is found o be ne
grester than 0.00057 m*/min (0.02 efm) or ¢
percent of the average mampling rate
(whichever is less), the results are accept-
sble, and no correction will need W be ap-
plied to the total) volume, of dry gas metered;
{1, however. a higher leakage rate is ob-
tained, the (ester shall either record ihe
leakage rate and plan W correct the sample
volume as shown in Beetion 63 of this
method, or shall void the sampling run.

lmmediately after component changes,
Jeak-checks are optienal. if such leak-chetks
are done. the procedure outlined in Section
4.1.4.1 above shall be used.

4.3.43 Post-Test leax-Check. A Jeak.
check is mandatory st the conclusion of
each sampling run. The Jeak-chetk shall be
dorie in sccordance with the procedurss outs
lined in Beclion 4.1.4.1. except that it shall
be conducied at & vacuum equal to OF great-
er than the maximum value reached during
the sa=pdling run. If the Jeakage rate is
found to be no grester than 0.00057 o */min
(0.02 cim) or 4 percent of the average ssm-
pling rate (vhichever is Jess), the ressits are
acceplable, and no correction need be ap-
plied o the total volume of dry gas metered.
1f, however, & higher leakage rate is ob-
tained. the tesier shall either record the
leskage rate and correct the sampie volume

" a8 shown in Section €.3 of this method, or

lhlll vold the sampling run.

4.1.5  Particulate Train Operation.
Duriag the sampling run, maintain s sam-
pling rate such that sampling is within 10
percent of true Bsokinetic, unless otherwise
specified by the Administrator.

- Por esth run. record the dsta required on
the example dalz sheet shown in Figure 17-
3. Be sure to record the initial dry gas meter
reading. Record the dry gas meter readings

‘at the dbeginning and end of each sampling

time incremeri. when changes in flow rates
are made, before and after esch lesak cherk.
and when sampling is halted. Take other
readings required by Figure 19-3 st least
once at each sample point during each time
increment and additional readings shen sig-

.ntficant changes (20 percent variation in ve.

Yority head reacings) necessilate additional
sdjustments in flow rate. Leve! and zero the
manometer. Because the manométer level
and zero may drift due 1o vibralions and
" vmperature changes, make periogic checks
durine the travesea

13
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Clean the portholes prior o the test run
to minimize the chance of sampling the de-
posited material. To becin sampling. remove
the nozzie cap and verify that the pitot tube
and probe exiension are properly posi-
tioned. Position the nozzle &t the first tra.
verse peint with the Lip pointing directly
Into the gss stream. lmmediately start the
pump and adjust the flow 1o isokinetic eon-
ditions. Nomographs are avallable, which
aid tn the rapid sdjustment o the isokinetic
sampling mle without excessive computa-
tions. These nomosTaphs are designed for
use when the Type 5 pitot tube ocoefficient
ts 0.85=0.02, and the stack gas egulvalent
density (dry molecular weight) s equal W
20=4¢. APTD-0576 detalls the procedure for
using the norsographs. If C, and M, are out.
gide the above stated ranges. do not use the
nomographs unless wppropriste steps (see
Citation 7 in Section 7) are taken to com.
penzate for the deviations.

When the stack s under significant negs-
tive pressure (height of lmpinger stem),
take care to close the coarse adjust valve
before inserting the probe extension assem-
bly into the stack to prevent water {rom
being forced backward, If necessary, the
pump may be turned on with the ocoarse
adjust valve closed.

When the probe is in position. bloek off
the openings around the probe wnd porthole
to prevent unrepresentative dilution of the
g5 stream. )

Traverse the stack cross section, as re-
Quired by Method 1 or as specified by the
Administrator, dbeing careful not W bump
the probe nozzle into the stack walls when
sansling near the walls or when removing
or inserting the probe extension through
the portholes. to minimize chance cl ex-
tracting deposited material.

During the test run. take wpmpmu
sieps (e.g.. adding crushed jce o0 the im.
pinger ice bath) to maintain s temperature
of less than 20° C (88° F) st the condenser
eutlet; this will prevent excessive moisture
losses. Also. periodically check the leve! and
gero of the manometer,

1f the pressure drop across the filter de-
comes to0 high. making Isokinetic sampling
&ificult 1o maintain, the {iter mey be re.
placed in the midst of a semple run. It s
recornmended that snother compiete filter
holder assernbly be used rather than at.
lempiing 1o change the fiiter itself. Before s
new {ilter holder is instalied, conduct a Jeak
check. ss outlined in Section 4.1.4.2. The
total periiculate welght stall include the
summalion of all fliler assembly catches.

A singlé train shall be used for the entire
semple run, excepl in cases Where siraulta-
neous sampling 15 required in two or more
separate ducts or at two of more different
locations within the same duct, or, in cases
ahere equipment faflure necessitates a
change of trains. In all other situations, the
use of two or more trains will de subject W
the approval of the Administrator. Note
that when two or more trains are used, o
separate analysis of the collected particu-
Jate {rom each train shall be periormed,
unless identical pozzle sizes were used on &}l
trains, tn which case the particulate catches
from the individual trains may be combined
and a single wnalysis performed. .

At the end of the sample run, turn off the
pump, remove the probe extension assembly
from the stack, and record the final dry gas
meter resding. Perform a leak-check, as out-
iined (n Bection 4.].4.3. Also, Jerk<check the
pitot lines as described in Section 3.1 of
Method 2; the lines must pass this leak.

e‘hlocx. in order to validate the velocity head
ta.

4.1.6 Calculstion of Percent Isokinetic.
Calculste percent isokinetic (see Bection
€.11) w determine whether another test run
ahould be made ! there i difficulty in
maintaining lsokinetic rates due o source
eonditions. consull with the Adminisirator
for possible variance on the isokinetic rates.

4.3 Bample Recovery. Proper cleanup
procedure beglns as soon as the prode ex.
tension assembly 3 removed {rom the stack
at the end of Lthe sampling period. Allow the
sssembly to eool.

When the assembly can be safely handled,
wipe off all external particulate rhatter near
the tip of the probe nozzie and place » cap
over It Lo prevent losing or gaining particu-
late matter. Do nol cap off the probe tip
tightly while the sampling train s esoling
dosm as this would create a vacuum in the
filter holder, foreing condenser water back-
ward ’

Before moving the sample train to the
cleanup gite, disconnect the flier bolder.
probe porzie amembdly from the probe ex-
tension; cap the open inlet of the probe ex.
tension Be carefu! pot to Jose any conden-
sale, if present. Remove the umbilical cord
from the condenser outlet and cap the
outlet. If a flexible line is used between the
first impinger (or condenser) and the probe
extension, disconnect the line at the probe
extension and Jet any condensed water or
liquid danain into the impingers or oondens-
er. Disconnect the probe extension from the
econdenser, cap the probe extension outlet.
Afier wiping off the silicone grease, eap off
the condenser fnlet. Ground glass stoppers,
plastic caps, or serum caps (whichever are
appropriate) may be used 1o close these
openings.

Transfer both the fliter holder-probe
Dozzie assemnbly and ihe condenser to the
cleanup area This ares should be clean and
protected {rom the wind so that the chances
©of contaminating or losing the samnple will
be minimized.

Bave a portion of the acetone used for
cleanup s3 & blank, Take 200 m! of this ac-
elone directly from the wash bottle being
used and place 1t in a glass sample container
labeled “acetone blank.”

Inspect the train prior to and during ais-
assemdly and note any sbnormal conditions.
Treat the sampies as follows:

Contciner No. J. Carefully remove the
fUter from the filter hoider and place it {n
it identified petri dish container. Use s pair
of tweezers and/or clean disposable surgical
gloves Lo handie the filter. If it is necessary
1o {0ld the futer, do so such thst the partie.
ulate cake i3 tnside the fold. Carefully trans.
fer 0 the petri dish any particulste matier
and/or fliter fibers which adbhere tw the
filter holder gasket, by using s dry Nylon
bristle brush and/er 8 sharp-edged blade.
Secal the contatner,

Conleiner No. 2. Taking care (o see that
dust on the outside of the prodbe nozle or
other exterior surfaces does not get into the
sarmple, guantitatively recover particulate
mestier or any condensste from the probe
nozzle, fititing. and front half of the flter
holder by washing these componenis ¥ith
scetone and placing the wash (n s glass con-
tainer. Distilled water may be used instead
of acetone when approved by the Admints-
trator and shall be used when specified by
the Administrator, in these cases. save &
water blank and folliow Administrater's di.
rections on analysis. Perform the acetone
rinses as follows:
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Carefully remove the probe noztle and
elean the tnside gurface by rinsing with ac-
etone from & wash bottle and brushing vith
a4 Nylon bristle brush. Brush unti] scetone
rinse shows no visible particlies, afier which
make s {{nal rinse of the inside surisce with
acelone.

Brush and rinse with acetone the inaide
para of the fitting {n » sienilar wey untll ne
vizible particles remain. A funnel (glass or
polyethylene) may be used o aid in trans-
ferring liquid washes to Lthe container. Rinse
the bruzh with acetone and quantitatively
callect these washings in the sample con.
tainer. Petween sampling runs., keep
brushes clean ané protetied from contarmi.
nation.

After ensuring that all joints are wiped
clexn of silicone grease (If applicable), clean
the inside of the front half of the filer
holder by rubbing the surfates with z Nylon.
bristle brush and rinsing with acetone.
Rinse sach surface threc times or more U
peeded Lo remove visible particulate. Make
final rinse of the brush and {ilter holder.
Afier al) acewone washings and particulate
matter are collected in the sample tontain-
er, tighten the lid on the sample container
so that acetone will not Jeak out «when il i3
shipped to the laboratory. Mark the height
of the fluid Jevel o determine whether or
not leakage occurred during transport.
Label the container to0 tlearly idenlify s
contents.

Contginer No. 3. 1f gilica gel is used in the
eondenser sysiem for mosilure conten! de-
termination, note the color of the gel to de-
termine If it has been completely spent:
make 3 notation of its condition. Transfer
the silica gel back to its original container
and seal. A funnel may make {t easier o
pour the silica gel without apiiling, and a
rubber policeman may be used as an aid In
removing the silica gel. It is not necessary to
remove the small arnount of dust particles
that msy adhere 0 the walls and are diffi-
cult to remove. Since the gain in welght is o
be used for moisture calculations, do not use
any water or other liquids to transfer ithe
silica gel. If & dalance is avallabdie ih the
{ield, foliow the procedure for Container
Nc. Y under “Analysis.”

Condenser Water. Treat the condenser or
tmpinger water as foliows: make & notation
of any color or {lim in the liquid eatch. Mes.
sure the liguid volume W within =1 ml by
using s gradusted cylinder or, {f a balance is
available, determine the liquid weigh! to
within =0.5 g. Record the total volumne or
weight of liquid present. This information is
required 0 calculate the moisture content
of the effluent gas. Discard the liquid after
measuring and recording the volume or
weight.

4.3 Analysis. Record the data required on
the example sheet shosm in Figure 174
Bandle each sample container s follows:

Container No. J. Leave the contents in the
shipping conteiner or transfer the filter and
aeny loose particulate from the sampie con-
tainer 10 s tared glass weighing dish. Desic.
cate for 24 hours in & desiccator containing
anhydrous calcium sulfste. Weigh to a eon-
stant weight and report the results to the
pearest 0.3 mg. For purposes of this Section.
4.3, the term “constant weight” means s dif-
{erence of no more than 0.5 mg or 1 percent
of Lola) weight less tare weight, whichever is
greater, between two consecutive weighings.
with no Jess than 6 hours of desiecation
tlme between weighings.

Alternatively, the sample may be oven
dried at the average stack tempersture or

. / | (;//L/ , /
N
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188° C (330° ). whichever is Joss, for 3 o 3
Reurs. cooled In the desiccator, and weighed
8 & constant welight, unleas otherwise speci-
fied by the Administrstor. The tester may
also Opt to oven dry the sample at the aver.
age stack temperature or 108° C (330 P,
whichever is lem. for 3 t0 3 hours, weigh the
-npu.ulunuunnumu.nn.l
weight.

Plant
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Date

Filtsr No.

I

Ampunt liquid lost during transport

Acetons blank volume, ml
A_-toue wash voiums, mi

Acetone black concentration, mg/mg (squation 174)
Acstone wash blank, mg (equation 17.5)

WEIGHT OF PARTICULATE COLLECTED.
CONTAINER me
NUMBER

FINAL WEIGHT TARE WEIGHT WEIGHT GAIN

2
TOTAL
Less acetone blank
Weight of particulate matter
VOLUME OF LIQUID
WATER COLLECTED
IMPINGER SILICA GEL
VOLUME, WEIGHT,
mi 8
FINAL
INITIAL
LIQUID COLLECTED
TOTAL VOLUME COLLECTED 9 ml

® CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WF*~ ¥
INCREASE BY DENSITY OF WATER (1g/mt).

INCREASE. g

* VOLUME WATER. m!
1 g/mi

-

Y [ Figure 17-4. Analytical data.
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Container No. 2 Note the leval of iquid tn
the oontainer and confirm on the analysis
sheet whether or .not leskage

Or use methods, sudbject to the approval of
the Administrator, to correct the final re.
sults. Measure the liquid (n this container

sither volumetrically-to =1 ml or gravime- -

Ql'lully 0 £0.5 g. Transfer the contentsto a
tared 250.m! beaker

"Acetone Blank” Contginer. uulun u'

etone in this container either volumetrically. .

or gravimetrically. Transfer the acetone to s

wm-muunmmmuem,_

D08 At ambient temperature and pressure.
Desiocate for 24 hours and weigh to a con-

mmm.mpornhomnutomw.

et o.lmg -
Nm-M the option of the tester, t-h.

eontenms of Contsirier No. 2 as well as 'thé

Stetone blank container may be eyaporated
8¢ temperatures higher than ambient. If

evaporation is done at an elevated tempera-

ture, the temperature must be below the
Soiling point of the solvent; also, to prevent
“bumping.” the evaporation process must be
¢lossly supervised, and the contents of the
Peaker must ‘be swirled oocasionally to
maintain an even temperature. Use extreme
eare, as scetone is highly: nmnsblo

Bas & low flash point.

8. Cdibuuon. Maintain & momrv log.
of all calibrations.
§.] Probe Nozzle. Probe noulu shall be
-llbrlud before their initial use in the
field. Using s micrometer, messure the
tmmide diameter of the nozzie to the nearest

0,025 mm (0.001 in.). Make: three separate

measurements using different diameters
esch time, and obtain the aversge of the.
messurements. The differsnce between the
high and low numbers shall not exceed 0.1

Mmmummemmu
is suggested that a Jeak-check be conductad.

-For metering systems

ealibration. run at 0.00057 m*/min (0.02
cfm); at the end of the run, take the differ-

_ence of the messured wet test meter and

dry gas meter volumes; divide the difference
by 10, to get the leak rate. The leak mate
wd not exosed 0.00087 n'/mn (0.02

After each field use, the calibration of the
metering system shall .be checked by per-
forming three calidration runs at a single,
intermediate orifice setting (based on the
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ﬁmdnu field test), with the vacuum sef’ n_’

" the maximum value reschéd during the tost
.. series. To adjust the vacuum, insert s -valve

. bet.wnn the wet test meter and the intlet-of

. thé ‘netaring system. Calculite the average
“value of the calibration factor. If the. call;
bration has changed by more than. &.pers
cent, recalibrate the meter over. the full
range of orulu settings, a8 outlined in
APTD-0576

Muﬂmlvc procedures, ¢.g.. using the ori.
fice meter coefficients, may be used, subject
to the approval of the Administrator.

Norz.~lf the éry gas meter coefficient
values obtained before and after a test
seriss differ by more than § percent, the
tast series shall efther be voided, or calcula.
tions for the test ssries shall be performed
using whichever meter coefficient value
(i.e., before or aster) gives the lower value of
total sample volume.

8.4 Temperature Gauges. Use the proce-
dure in Section 4.3 of Method 2 to calibrate
in-stack temperature gauges. Dial thermom-
aters, such as are used for the dry gas meter
and condenser outlet, shall be calibrated
against mercury-in-glass thermometers.

8.8 Leak Check of Metering System
Shown in Figure 17-1. That portion of the
sampling train from the pump to the orifice
meter should be leak checked prior o initial
use and after each shipment. Leakage after
the pump wil] result in less volume deing re-
corded than is actually sampled. The follow-
ing procsdure is suggested (see Figure 17-8).
Close the main valve on the meter DOX.
Insert a one-hole rubber astopper with
rubber tubing attached into the orifice ex-.
haust pipe. Disconnect and vent the low side
of the orifice manometer. Close off the low
side orifice tap. Pressurize the system to 13
t0 18 cm (5 to 7 in.) water column by blow-
ing into the rubber tubing. Pinch off the
tubing and observe the manometer for one
minute. A loss 0of pressure on the mano-
meter indicates s leak in the meter box:
Jeaks, if present, must be corrected.
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CLOSED

MAIN VALVE
AIR-TICHT

VACUWM
GAUGE

BY-PASS VALVE

Figure 17-5. Leak check of meter box.

ORIFICE

AUBAER
STOPPE

BLOW INTD TUBING
UNTIHL MAHOMETER
READS S TO 7 INCHES
WATER COLUIAN

s
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8.6 Barometer. Calibrate against a mer.
SUry barometer.

6. Calculations Carry out caleulationa, re-
taning at least one extra decimal figure
beyond that of the acquired data. Round off
figures after the final ealculation. Other
forms of the eguations may be used a8 long
a8 they give equivalent results.

6.1 Nomenclature.

A= Croas-sectional ares of nogie. m* (1t).

B, = Water vapor in the g3s stream, propor.
tion by volume. )

Cu=Acetons blank residue concsntration,

me/s.

¢ uConcentration af particulate matier in
sack gas, dry baals, corrected Lo stan-
dargd conditions, g/dscm (g/dact).

1=Parcent of sokinetic sampling.

.o Maximur acceptable leakage rate for
sither & pretast leak check of for & lesk
check following s component change;
equal 1o 0.00057 me/min (0.02 efm) or ¢
‘pereent of the average sampling rate,
whithever is Jesa, :

L.elndividusl Jeakage rate observed
the Jeak check conductied prior to the
“{** eompanent change (I=1, 2,3, . .0),
m*/min (efm),

1, =leakage rate obaerved during the post:

m.=Tota! amount of particulate matter ool
lectead. mg. ‘

M, «Molecular welght of water, 318.0 g/g-
mole (18.0 }b/I1b-male).

m,= Mass of residue of stetone afler evapos
ration, mg.

Po,=Barometric pressure at the sampling
site, mro Iig tin. Hg),

P, = Absolute stack gas pressure, mm Hg (In.

He).

Pu=Standard absolute pressure, 760 mm
Hg (29.92 in. Hy).

Raldea! gas constant, 0.06238 mm Hg-m*/
*K-g-mole (21.83 in. Hg-ft*/°R-1b-mole).

Ta=Absolule average dry gas meter tem-
persture (see Figure 17-3),. K ("R).  ~

T,=Absolute average stack gas temperature
{see Figure 17-3), "K (*R).

T..-ssz‘..t;dm absolute tempersture, 393°K
(828°R).

V,=Veolume of acetone blank. ml.

Ve =Volume of acetone used in wash, ml.

Ve=Total volume of liquid collecied in im.
pl;uen and sllica gel (see Fugure 174),

mi.

V.= Volutne of gas simple as measured by
dry gas meter, dem (def).

Vaewwrr=Volume ©f gas sample measured by
the dry gas meter, corrected to standard
eonditions, dscm (dsef).

Vo= Volwiae of water vapor in the gas
sample, correcied to standard condi-
tions, sem (scf).

v,=8lack gas velocity, caleulated by Method
2. Equation 2-9, using data obtained
from Method 17, m/sec (ft/see).

W,=Weight of rezidue in acetone wash, mg.

Y = Dry gas meter calibration coefficient.

AHw= Average pressure differentis] across
the orifice meter (see Figure 17-3), mm
#,0 tin. H,0).

p.=Density of acetone, mg/m) (see label on
bottle).

.= Density of water, 0.0982 g/ml (0.002201
Jb/ml).

#=Total sampling time, min.

¢4,= Sampling time interval, from the begin-
ning of a run untl the first component
cthange, min.

§,« Sampling time interval, between two
successive component changes, begine
ning with the interval between the first

second chasizes, min.
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Gofampling tme (nterval, from the flna)
(n®) component change, untll the snd of
the sampling run. min.

18.8 = Specific gravily of mercury.

Salec/mtn.

180 = Conversion to percent.

6.3 Average dry g meter lempersture
and average orifice preasure drop. See dats
shest (Figure 17-3).

. &3 Dry Oas Volume, Correct the sample
wolume measured by the dry gas meter o
standard conditions (30° C, 7160 m:m Mg or
' P, 2.92 in. Hg) by using Equation 17-1.

ur’ Cud
Ya(sta) " Y '(‘I'L) ILE

{an/13.6)

J__T____

s KV Y
Yt B
Equation 17-1
where:
K,=03850° K/mm Hg for metric unit:
17.0¢4° R/in. Mg for Dnglish unjts.

Norz.—Equation 17-1 ean be used as writ.
80 unleas the leakage rate observed during
any of the mandatory leak checks (i.8., the
post-tast laak check or leak checks conduct-
od prior 1o component changes) exceeds L,.
U L, or L, exceeds 1. Ecquation 17-1 muat be
medified as follows:

(a) Case 1. No somponent changss made
during sampling run. In this case, replace
Ve in Zguation 17-1 with the expression:

Va=(ly=1,¥)
) Cuse 1. One or more component
¢hanges made during the sampling run. in

this ease, replace V, in Equation 17-1 by the
oxpression:

n
".' (Ll - L.) .’ - 152 (L1 - L.’ .1

-ty - 1) 8

and substitute only for those leakage rates
€Ly o7 1,) which exceed L.
8.4 Velurme of watar vapor.

Yuiste) * Ve (E ‘::d> K Y

Zquation 17-2
where:

K= 0.001333 m*/mi for metric units; 0.04707
fi*/m] for English units.

6.3 Moisture Content.

y
wi{std
b o glate)

n(std) ~ “w(std)

Equation 17-3

8.6 Acetone Blank Concentration.

R e

Equation 174
8.7 Aceione Waah Blank.
W,=C,V
Equation 17-8
8.8 Total Particulate Weight. Determine
the tota) particulate cateh from the sum of

the weights obtained {rom containers | and
3 leas the acetone blank (see Pigure 17-4).

Notz.=Refer to Section 4.1.5 to sasist in
calewlation of results involving two or more
filter assemblies or two ¢F mere sampling

4.9 Particulate Conoentration.
6&=(0.00] 3/mg) (Bn,/Veue!

Equation 17-4
6.30 Conversion Facters:
Prem Te Multiply oy
ol - 9.03832
g/t /R 38.43
s/ o 2.308 x 0
B/t s/ 3531

8.1 lsokinetic Variation.
6.11.1 Calculation from Raw Data.

P JR T, 1N, < I4VT,) (R, ¢ W12.60)
[ 1

Equation 17-7
where:

K.=0.003454 mm Hg-m*/mi-*X for metric
units: 0.00288) in. Hg-ft*/ml-"R for Eng-
lish units.

€.11.2 Calculation

from Intermediate
Values.

T, v

e $ m(stdz [11] 100
sed Y5 © 'Y .

[ ]

Equstion 17-8
where:

K.~4.320 for metric units; 0.09430 for Eng-
lish units,

6.12 Acceplabie Results. U 80 percent
010110 percent, the results are acceptabdle. 1If
the rerults are low in comparison to the
stundsas¢ and ! 4 beyond the acceptable
range, ¢7, if I 13 Jeas than 80 pereent, the Ad.
ministrator may opt to accept the results.
Use Citation 4 in Section 7 o make judg.
ments. Otherwise, reject the resulus and
repeat the test.
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12.0 DATA FORMS

Blank data forms are in Method 5, Section 3.4.12, for the
convenience of the Handbook user. All forms are the same as for
Method 5 with the exception of Figures 3.1 and 4.5 which are in-
cluded in Method Highlights, Section 3.11.














